ABSTRACT
INTRODUCTION
Herbal medicines have been widely used for thousands years in Asia [1] . The people believe that traditional medicines have less risky and less bad side effect compared to modern synthetic medicines [2] [3] [4] .
Therefore, it is a big challenge to establish a quality control method of traditional medicines for its clinical efficacy and safety.
Phyllanthus niruri is one of medicinal plants used as raw material for traditional medicines. This plant grows widespread in tropical countries, including in Indonesia. P. niruri has been reported as a hepatoprotector [5] [6] , antihepatitis [7] and antioxidant [5] [6] . The quality and efficacy of P. niruri are varied according to plant varieties and its growing conditions.
The quality control of P. niruri was examined based on concentration of marker compounds, such as lignan [8] and tannin [9] . Actually, the marker compounds did not give an overall insight of traditional medicines, because its efficacy depends on multiple constituents [1] .
The fingerprint of Chromatography, including high performance liquid chromatography (HPLC) is an alternative technique for controlling the quality of the herbal medicine component, such as P. niruri [10] [11] [12] [13] [14] . Representative HPLC fingerprint was needed to obtain a good quality control method [15] . As already known, the HPLC fingerprint depends on the extraction and condition of the HPLC separation process. Therefore, in our work we conducted the optimization of extraction solvents and HPLC mobile phases using unreplicated split-plot mixture-mixture design to obtain a representative HPLC fingerprint of P. niruri. The number of peaks in HPLC profiles was used as the parameter in the optimization process.
EXPERIMENTAL SECTION

Materials
P. niruri was collected from Research and Development Center of Plant Medicines and Traditional
Medicine (B2P2TO-OT), Tawangmangu Central JavaIndonesia. Methanol, ethyl acetate and dichloromethane were used for extraction solvent and methanol and acetonitrile (HPLC grade) were obtained from Merck. Deionized water was obtained from Hydro water purification system.
Instrumentation
All HPLC analysis was performed using Shimadzu LC-20 AD with diode array detector. A C 18 LiChospher column (5 µm particle size, 250 mm x 4 mm i.d) was purchased from Merck was used for all chromatographic separation.
Procedure
Extraction
P. niruri was grounded into powder and extracted with maceration technique using the 10 combination of extraction solvents based on simplex centroid with axial design (Fig. 1a) as a whole plot in mixture system. Each extraction was conducted for 24 h and repeated three times. The extract was then filtered and concentrated with a rotary evaporator to obtain a dried extract.
HPLC analysis
The HPLC analysis was conducted using methanol, acetonitrile and acetonitrile:H 2 O (55:45) combination as mobile phase in appropriate ratio based on a simplex centroid design (Fig. 1b) , as the sub plot in mixture system. Mobile phase was filtered through a 0.45 μm membrane filter (Millipore®) and sonicated prior to use. Then obtained extract was diluted in HPLC mobile phases and filtered, 20 μL extract was injected to HPLC Shimadzu LC-20 AD and detected at 210, 225 and 254 nm. The number of peaks was calculated from HPLC profile from each separation process. The optimum condition was determined based on the number of peaks.
Data analysis
Ordinary Least Square (OLS) method was used to construct the linear regression model from HPLC data. The HPLC data from the simplex centroid point was used to establish the regression model, meanwhile the HPLC data from the axial point was used for regression model validation.
RESULT AND DISCUSSION
The P. niruri was stored as a voucher specimen at Herbarium Bogoriense, the collection number was BO 1880583. Water content of dried P. niruri was 6.5696. The sample was extracted using 10 combination of extraction solvents based on simplex centroid with axial design. The yield of extraction process was in a range of 1.3668 and 7.4254% w/w ( Table 1 ). The highest yield was obtained when methanol used as the extraction solvent. It is indicated that major compounds in Phyllanthus niruri were soluble in polar solvent. Calixto et al. (1998) reported that the major compounds in P. niruri were lignan, tannin, polyphenol and flavonoids. [16] . Each extract of P. niruri was eluted in a reversed phase HPLC system using seven combinations of mobile phase. Unreplicated injection was conducted in this separation process, therefore randomization in whole plot and subplot was conducted to avoid systematic error. The methanol extract eluted faster than nonpolar extract such as dichloromethane extract (Fig. 2) since each extract has a different interaction with mobile and stationary phase. Dichloromethane extract attached strongly to non polar stationary phase. On the other hand, interaction between methanol extract with polar mobile phase was strong and made it eluted faster than the others.
The HPLC separation process was detected at 210, 225 and 254 nm. The number of peaks evaluated according to their signal to noise ratio and its resolution. The signal was considered as a peak when its signal to noise ratio (S/N) = 3 and resolution (R) = 1. The most number of peaks detected at 210, 225 and 254 nm successively was 30, 21 and 20 peaks. Table 2 presented the number of peaks for each extraction solvents and mobile phase combination.
Statistical analysis of the data was conducted using MINITAB. The 49 data (simplex centroid points) was used for calculating coefficient of regression model. Since the ratio of whole plot error to subplot error less than 0.4 (σ 2 WP /σ 2 SP < 0.4), the regression model was constructed by ordinary least square (OLS) regression [17] . The regression model was constructed from 33 interactions at 210 nm, 29 interactions at 225 nm and 18 interactions at 254 nm. The regression models of 210 nm, 225 nm, and 254 nm were presented in Table 3 .
The regression models showed that linear interaction consistently gives synergic effect to the response in every detection wavelength, it means that the linear interaction can increase the number of peaks. The highest synergic effect was obtained from the combination of z 2 with x 3 (ethyl acetate was used as the extraction solvent and acetonitrile:water (55:45 v/v) was used as the HPLC mobile phase). Quadratic interactions give both synergic and nonsynergic effect, Table 3 . Regression model for the data monitored at 210, 225 and 254 nm meanwhile the cubic and ternary interaction give nonsynergic effect. The regression model was used to predict the number of peaks for axial points (combination number 50 to 70 in Table 2 ) and the number of peak for simplex centroid points (combination number 1 to 49 in Table 2 ). The root mean square error of calibration (RMSEC) and root mean square error of prediction (RMSEP) for each detection wavelength were presented in Table 4 . Based on RMSEC and RMSEP the most suitable regression model was obtained from HPLC data detected at 254 nm. Fig. 3 showed graph of the values predicted by the regression model plotted against the number of observed peaks at 254 nm. The red circles represent the calibration points (simplex centroid points) meanwhile the green triangle corresponds to validation points (axial points). Since the RMSEC was 1.54, conformity between the observed number of peaks and prediction number of peaks for simplex centroid points was good.
Based on statistical analysis, the optimum condition of P. niruri HPLC fingerprint was obtained when ethyl acetate used as extraction solvent, acetonitrile:water (55:45 v/v) as HPLC mobile phase and detection at 254 nm. Combination of ethyl acetate and acetonitrile:water (55:45 v/v) as extraction solvent and HPLC mobile phase also gives the optimum number of peaks for linear interaction at 210 and 225 nm. Fig. 4 showed the HPLC profile of ethyl acetate extract eluted using various combinations of mobile phase monitored at 254 nm. Validation of optimum condition conducted through repeatability of injection and expressed as the relative standard deviation. The relative standard deviation of analysis was in a range of 0.0698 and 0.3006%.
CONCLUSION
Optimum condition for representative P. niruri HPLC fingerprint was ethyl acetate as extraction solvent and acetonitrile:water (55:45 v/v) as mobile phase. Based on RMSEC and RMSEP of regression model, the most suitable regression model was obtained at 254 nm. Relative standard deviation of analysis at optimum condition was in a range of 0.0698% and 1.7348%.
